This paper explores the adaptation of Catherine Wheels'
highly successful production White into a mobile app for Apple's iPad and iPhone. The theatrical version, created for children aged two to four and their families, has been performed more than 700 times around the world since its première at the Edinburgh Festival Fringe in 2010, and has been translated into several languages, including French, Swedish, Welsh (Gwyn, Cwmni'r Frân Wen) and Norwegian (Hvit, Barneteatret Vårt) . White may be the most successful non-commercial theatre for early years (TEY) production to date, in terms of audience figures.
The iPad, Apple's tablet computer, also emerged in 2010. In 2014, over 245 million tablet computers are projected to be sold worldwide (data from idc.com). In the USA, more than 25% of adults have purchased apps (an abbreviation of 'applications') for their children, and apps aimed at preschoolers now constitute a majority of education products in Apple's App Store (Shuler et al., 2012) . A key factor in the success of tablet computers with the underfives is that 'they cater for multiple competencies on a single portable device. Users can switch at will between activities which promote varying skills, from literacy to hand-eye coordination, from joint attention to imitative role play' (Fletcher-Watson, 2013, p. 58) .
In 2013, Catherine Wheels Theatre Company commissioned Hippotrix, a commercial app developer based in East Lothian, to create an app for mobile tablet computers inspired by the world of White. This paper outlines the process of creating White The App and explores the impact of design decisions on dramaturgy and performativity.
Brief
As producer Paul Fitzpatrick states, in seeking to create a digital artistic product, Catherine Wheels 'wanted to provide an experience that would be creative as well as reflecting the artistic integrity of the show' (Fitzpatrick, 2014) . In addition, while the production of White is aimed at children from two to four, the developers were tasked with producing an app suitable for children from one to five, in order to increase appeal to families. The app was also to be playable on both iOS tablets (iPads) and smartphones (iPhones).
White The App was intended to complement the touring production, while also appealing to users who may never have seen it, the original narrative becoming a transmedia story. As Jenkins (2006, p.98 ) notes of other transmedia, ' [e]ach franchise entry needs to be self-contained so you don't need to have seen the film to enjoy the game, and vice versa. Any given product is a point of entry into the franchise as a whole'. Indeed, a discrete product may even follow a unique narrative path 'to provide greater pleasure, excitement, and depth for fans' (Laurel, 2013, p.183 (Kotler and Scheff, 1997, p.193) .
This is an increasingly familiar model within the arts, and the augmentation process can be situated within the framework of Crealey's (2003) strategies for minimising risks for consumers of culture, in particular the proposal for a system of theatrical product testing, allowing potential spectators to access early versions of performance comparable with product prototypes. This 'try before you buy' approach reduces financial and emotional risk to the consumer, as it allows them to experiment with the artistic product at minimal cost before choosing whether to engage more fully. In the arts, it is already common for 'consumers
[to] engage in risk-reducing (i.e. information-search) activities in order to reduce their perceived risk level (and therefore, their feelings of being uncomfortable)' (Dowling and Staelin, 1994, p.121) , such as reading reviews in advance. However, transmedia may in fact stimulate a greater interest in the originator product than typical riskreducing activities, as '[r]eading across the media sustains a depth of experience that motivates more consumption' (Jenkins, 2006, p.98) .
Child playing with iPad. Hippotrix' first design consideration was therefore defined by the age range specified for the app. The available interactions (meaning the control mechanisms for gameplay permitted by the iPad's touchscreen interface)
were carefully considered, and a range of competitors'
products examined, to ensure that all interactions would be accessible regardless of the user's age.
Early wireframe diagram of White The App. Image courtesy of Hippotrix.
Typical interactions include tap, swipe, tap-and-hold, pinch and multi-finger swipe. Rarer interactions may include rotate, speak (via the integral microphone), shake (usually to reset) or motion detection (via the integral front-facing camera). Fewer than 20% of the early years apps surveyed employed any interactions other than tap, swipe and tapand-hold, probably due to the more complex motor skills required to pinch, rotate and so forth. The decision was therefore made to limit controls in White The App to these three basic movements.
In addition, the interactions were not designed to build in complexity nor to comprise a given sequence, as is common in more educationally-centred products. In keeping with the tenets of digital toys, the app was designed to allow infinite gameplay within scenes. TEY performances often feature duplicated sequences to enhance engagement, as in White, where the second half closely matches the first. However, they cannot repeat endlessly, whereas an app can permit immediate and constant repetition of any action, aiding understanding and laying the foundations for structured learning.
Development and user testing
The use of real objects was a key design decision for White
The App from the pre-production stage: just as original illustrations are often preserved in e-books, so theatre apps can choose to accurately retain the look and feel of live performance by employing physical assets used on stage.
Original production design is thus preserved, but the experience also reinforces the link to 'liveness', going some way to inverting Auslander's claim that 'live performances now emulate mediatized representations ' (2008, p.158 ).
These are not animated cartoon versions of actors, props and scenery, but images of the real original objects themselves. Similarly, physics engines were employed to generate accurate reactions of objects as they are manipulated, bouncing off one another or stacking up (Millington, 2007) .
Hippotrix achieved this photorealistic effect by the use of greenscreening (also known as chroma key photography), a simple way of isolating objects to allow them to be reused frequently throughout an app. Used for decades in film, animation, video games and television, greenscreening involves capturing an image of a specific object or person in front of a single-colour background (originally blue, but generally green since the advent of digital cameras). The background can then be removed in post-production and a new backdrop added (Wolf, 2003) .
Chroma key in White The App. Image courtesy of Hippotrix.
The benefit of chroma key is that the edges of the image are extremely crisp and detailed, unlike the effect produced by manually cutting out objects in photo-editing programs As one critic noted of the original production:
Great theatre design does not just illuminate its text, it adds to it. Shona Reppe's design and costumes for Catherine Wheels' White went one step further again. She created a white world of such invention that it could have existed on its own (Dibdin, 2011, p.1) .
The app aimed to create a 'white world' encompassing objects, backgrounds and characters that would appeal to users whether or not they had seen the production. 
Problematising traditional modes of performativity
Virtual space and interactive video games offer new dramaturgical possibilities, while also drawing on and provoking the interactivity of the theatre event (Turner and Behrndt, 2008, p.198 (Aarseth, 1997, p.138) . Users may play in a single scene endlessly, or skip scenes entirely. It should again be noted however that the original production does not employ such a dramaturgy-the decision to fragment the narrative in the app was made due to the expanded age range required, from one to five years, in order to grant agency to the youngest users, even if they engage only in a single activity.
In addition, gameplay is defined and restricted by the allowable rules of the 'closed world' system-the user cannot speed up or slow down the descent of the eggs, for example, or carry out an action which has not been explicitly designed into the app (see for example Salen and Zimmerman 2006) . Indeed, Huizinga's (1955, pp.10-12) compendious study of play describes this necessary limiting of agency in numerous contexts:
All play moves and has its being within a playground marked off beforehand either materially or ideally, deliberately or as a matter of course... the stage, the screen, the tennis court, the court of justice, etc., are all in form and function playgrounds, i.e. forbidden spots, isolated, hedged around, hallowed, within which special rules obtain. All are temporary worlds within the ordinary world, dedicated to the performance of an act apart.
As in a physical playground, the user can elect to play with any item in any order, but they are limited to the items provided by the underlying code (Kline and Dyer-Witheford, 2003) . This can usefully be compared to the post- [Rose] Myers [of Windmill Theatre in Australia] finds that theatre plays a role in inspiring the imagination in a way that screen-based activities, with their use of computer-generated imagery, do not… [quotation from Myers] 'we're requiring you to work a lot harder because we can't give you all the special effects. I think that nurtures children's own creativity because it's much closer to the way that kids themselves play games and create things, make up stories and act them out. So it engages children and shows them the possibilities'.
Lauwaert ( The touch screen and gestural interface, the portability and easy share-ability offer new dimensions of interactivity but… some apps simply reproduce tired versions of electronic books rather than exploit the affordances of the medium. Technological interactivity is meagre compared to human interaction... An electronic book that reads the words out one at a time or asks children to point to a picture with the stylus and then says "well done" cannot simulate the experience of adult-child conversations. impact on the performativity of the digital act.
Returning to Plowman and McPake's appraisal of current technologies, their challenge to developers to pursue a more profound interactivity is in fact extended to those products (generally but not exclusively educational) which are used by a child alone. The use of electronic media of all kinds, from DVDs to iPads, as 'digital babysitters' has received considerable media attention (Cocozza, 2014; Donnelly, 2013; Dredge, 2013) , but there is little to justify this beyond anecdote (Wood, 2008) . White The App, like the production, is designed as a shared experience, for children and carers to enjoy together. It is possible to compare shared experiences with the pedagogic model of guided interaction (Plowman and Stephen, 2007) : in both cases, the involvement of an adult is intended to elicit deeper engagement in a given activity by a child; in both cases, the dyadic bond is strengthened by mutual interest in the activity-the child appreciates the attention that is being paid to them, and the adult appreciates the child's focus on the activity. Studies examining infant-directed television programmes have found that children's attention and responsiveness are significantly influenced by the extent of parental involvement (Barr et al., 2008) and it is possible that engagement with digital toys would be similarly affected.
Indeed, unlike the live performance, the app version permits or even encourages conversation. It must be remembered that a live experience generally requires silence from its audience-children are expected to keep quiet until the resolution of the performance, negating the possibility of conversations or questions during a scene to aid understanding. An app experience is communal and communicative, allowing children to comment metanarratively and leaving space for adults to pose questions, praise or guide.
In both physical and digital scenarios, shared focus is a stepping-stone towards eventual solo interaction. Once a child has mastered the basic movements required, the adult can observe without needing to assist at any point.
Gameplay images from White The App. Images courtesy of Hippotrix.
Conclusions
This paper describes the conversion of a live performance for young children into a digital experience on a tablet. The 
